Introduction
Southwestern Turkey is a tectonically complex and active region in the Anatolian Microplate. Various hypotheses have been proposed for the tectonic evolution of this region, where structures formed associated with: 1) the westward escape of the Anatolian Microplate (Dewey and Şengör, 1979; Şengör, 1979; Şengör et al., 1985) ; 2) the NE-SW back-arc extension of the Aegean region (McKenzie, 1978; Le Pichon and Angelier, 1979; Meulenkamp et al., 1988; Yılmaz et al., 2000) ; 3) the subduction-transform edge propagator fault zone related to the motion of the Hellenic and Cyprus arcs (Govers and Wortel, 2005; Hall et al., 2014a) ; and 4) the compressional region of the Western Taurides (Aksu et al., 2009 (Aksu et al., , 2014 Hall et al., 2009 Hall et al., , 2014a Hall et al., , 2014b . The Burdur-Fethiye Shear Zone is a transtensional left-lateral shear zone 75-90 km wide and 300 km long, located along the southeastern boundary of the large Aegean extensional region and forming the western part of the Isparta Angle (Figure 1 ; Hall et al., 2014a; . The middle section of this shear zone consists of an ancient basin fill including the middle Miocene to lower Pliocene sequence, accumulated in fluvial and lacustrine environments and deformed by left-lateral transtensional shearing . Today this region includes the Acıpayam, Çameli, and Gölhisar basins and their modern basin fill consisting of Pliocene-Quaternary units . In most previous studies the local fluvial, lacustrine, and alluvial fan deposits were mapped together and assigned a Pliocene age (e.g., Şenel, 1997, 2002) . Such terrestrial sediments were first named the Çameli Formation (Erakman et al., 1982) , but were subsequently divided into three members: the basal alluvial-fan Derindere Member, the middle fluvial Kumavşarı Member, and the upper lacustrine Değne Member (Alçiçek et al., 2004 (Alçiçek et al., , 2005 (Alçiçek et al., , 2006 . Later, Yaltırak (2014, 2016) mapped these three sediment successions as the Gölhisar, İbecik, and Dirmil formations. Based on micromammal fauna, the lacustrine sediments of the İbecik Formation were assigned an age of 10.8-8.5 Ma (Saraç, 2003 ) or ~3.4 Ma (van den Hoek Ostende et al., 2015b , while the upper section of the sedimentary sequence was dated as 1.8-2.2 Ma (e.g., Alçiçek et al., 2005 Alçiçek et al., , 2006 van den Hoek Ostende et al., 2015a) . Recent studies showed that this significant time gap caused the development of an angular unconformity between lacustrine and alluvial fan sediments . In the northern part of the study area, there are volcanic rocks that cut and/ or overlie the lacustrine sediments. A small number of 40 Ar/ 39 Ar radiometric dates from these volcanic rocks were obtained by Paton (1992) and reported ages range between Tortonian and early Pliocene. Further, however, these sediments were assigned to the middle Mioceneupper Pliocene based on previously dated volcanic rocks, reliable micromammal fossil records, and stratigraphic relationships Yaltırak, 2014, 2016) . The above review of the existing literature shows that the chronostratigraphy of the Acıpayam, Çameli, and Gölhisar basins and their environs is controversial. The chronostratigraphy of these basins remains one of the most important problems in the region because of its vital role in the tectonic and kinematic history of southwestern Anatolia, including the Burdur-Fethiye Shear Zone. The data we obtain can redefine all the events along the Burdur-Fethiye Shear Zone. Based on the ages of these sediments, the timing of tectonic events both in western and southwestern Anatolia will be modified and the geological construction of the region will be reinterpreted. In an attempt to resolve the conflicting chronostratigraphic interpretation of the Neogene successions across the Acıpayam, Çameli, and Gölhisar basins and environs, we collected seven volcanics and a tuff sample for radiometric dating. U-Pb zircon and 40 Ar biotite methods were applied on the samples and the results show that lacustrine sediments are upper Miocene in age rather than Pliocene.
Description of local stratigraphic units

Basement rocks
The Neogene Acıpayam, Çameli, and Gölhisar basins developed over Paleozoic to early Miocene basement rocks. These basement rocks are composed of Lycian nappes (Brunn et al., 1970; Graciansky, 1972; Önalan, Figure 1B . B) Regional fault map of southwestern Anatolia compiled from Tur et al. (2015) . Prelević et al. (2015) .
The best outcrops and cross-sections are observed north of Gölhisar, south of Acıpayam, and along the new Acıpayam-Çameli main road (Figure 2 ). The Gölhisar Formation unconformably or occasionally tectonically rests on the basement rocks and grades vertically and horizontally into the İbecik Formation (Figure 3) . The succession starts with thick beds of granule conglomerates at the bottom and grades upward into conglomerates, conglomeratic sandstones, sandstones, and siltstones. The pebble composition of conglomerates varies depending on the characteristics of the local basement rocks (e.g., serpentinite, radiolarite, and limestone pebbles). However, around Acıpayam and north of Yeşilyuva, the pebbles are composed primarily of reworked material derived from the Bozdağ Formation. The thickness of the unit is ~900 m. Lack of fossil data does not allow a proper dating. Therefore, the age of the formation is thought to be middle-late Miocene due to its stratigraphic position (Elitez, 2010; Yaltırak, 2014, 2016) . The Gölhisar Formation was deposited in a meandering and/or braided river system. The limestone lenses at the bottom of the unit indicate a reefal environment near Acıpayam and northern of Yeşilova.
İbecik Formation
The İbecik Formation (Elitez, 2010) is predominantly composed of white, beige, and yellowish sandstones, siltstones, claystones, marls, tuffs, and limestones. The best cross-sections are observed near the village of İbecik, along the NE-SW road from the Yapraklı dam to a small hill to the northeast (Figure 2 ). The İbecik Formation grades laterally and vertically into the Gölhisar Formation at the bottom and is unconformably overlain by the Dirmil Formation. The succession starts with beige sandstones and whitish gray claystones that grade upwards into white and grayish fractured marls and limestones. The uppermost part of the İbecik Formation includes mostly red wine-colored claystones and hard, locally fractured, thickly bedded, whitish yellow and red wine-colored silty carbonates including caliche. The thickness of this upper part is ~200 m and it records a period of aridity. There are intercalating vertical transition with tuffs rich in biotite. Especially in the southernmost part of the study area, biotites of 2-3 mm in size are observed. They are commonly found among the marl levels of the İbecik Formation. The İbecik Formation is ~850 m thick. In the northern part of the study area, the sediments of the İbecik Formation are covered or cut by Denizli lamproites (Paton, 1992) at elevations of 1300-1600 m (Figures 2 and 3 ). Based on vertebrate fossils at 1400 m elevation south of the village of Elmalıyurt (36°53′18.34″N, 29°21′33.73″E), the marls and thin coal beds of the İbecik Formation are assigned a Vallesian age (Saraç, 2003) . The evolutionary stages of the lacustrine deposits indicate a continuous Simplified geological map of the study area . Red points show the locations of the samples.
deposition from late Miocene to early Pliocene (Elitez, 2010; Yaltırak, 2014, 2016) . The İbecik Formation contains sedimentary facies reflecting a shallow, warm lake and shoreline environments, including beach and delta.
Dirmil Formation
The Dirmil Formation is made of copper-colored conglomerates, mudstones, local siltstones, and claystones. This unit was named by Elitez (2010) . The unit crop outs mostly north of Altınyayla (or Dirmil) on the footwall of the Kuşdili normal fault and southwest of the Çameli Basin, on the footwall of the Asar normal fault. West of the Dalaman River and south of the Acıpayam Basin, these copper-colored rocks are clearly exposed on high-elevation plains ( Figure 2 ). The Dirmil Formation unconformably rests on the folded and tilted Gölhisar and İbecik formations. This fault-controlled deposition is observed primarily in front of the basement rocks ( Figure 2 ). The conglomerates of the unit are poorly sorted and consist of angular to subangular pebbles supported by a matrix of mud. The total thickness of the Dirmil Formation is ~250 m. Based on its stratigraphic position and micromammal fossils (e.g., Mimomys pliocaenicus, Apodemus dominans, and Micromys praeminutus; Erten, 2002) , a late Plioceneearly Quaternary age is assigned to the formation . The sediments of the unit indicate an alluvial fan depositional environment.
Sampling and methods
Six lamproites and one tuff sample were collected from the study area. Lamproites cut both the İbecik and the Gölhisar formations, but we only observed intercalating lamproite levels in the İbecik Formation (Figures 2 and  3 (Samson and Alexander, 1987) . All samples were incrementally heated with a Coherent Innova 5 W continuous argon-ion laser until complete fusion was achieved. Samples were loaded into 3 adjacent wells of 2 Cl.
Zircon U-Pb LA-ICP-MS dating
The whole-rock sample was crushed in a jaw crusher (crushing to <0.3-0.5 cm) and milled in a disk mill (<0.6-1 mm). After milling, the sample was washed and separated into heavy and light fractions, then dried. The heavy fraction was sieved and the non-to slightly magnetic fraction was separated using a magnetic separator. Heavy liquids (bromoform -2.9 g/cm 3 and methylene iodide -3.32 g/cm 3 ) were used to collect the zircon concentrates. The zircons were picked manually under a binocular microscope. The grains were then mounted in epoxy resin and polished. Cathodoluminescence and back-scattered images were produced at Belgrade University using a scanning SEM JSM-259 6610.
Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) analyses were carried out at the Geological Institute of the Bulgarian Academy of Science. Spatial resolution was 35 µm and frequency was 8 Hz. The U-Pb fractionation was corrected using the GEMOC GJ-1 and raw data were processed using GLITTER4. U decay series) that has to be corrected to get an accurate age for younger magmatic rocks (Guillong et al., 2014) . U-Pb concordia ages were calculated and plotted using ISOPLOT (Ludwig, 2003) . Table 1 ). Two duplicated biotites were dated for each sample to get better results. However, the results show a wide scatter ranging from 5.83 to 12.32 Ma ( Figure  6 ), with several ages indicating large error margins (Table  1) , high MSWD values, and/or low percentages of released argon ( Figure 6 ). Therefore, these ages were disregarded during evaluation of the chronostratigraphy of the region. Sample S4 gave two biotite ages, one of which was geologically inconsistent. Furthermore, another age had a large error range (8.23 ± 3.48 Ma; Figure 5 and Table 1 ). Sample S5 yielded ages of 5.06 ± 1.44 and 5.69 ± 2.34 Ma, respectively ( Figure 6 and Table 1 ). These ages are similar considering their error margins. Sample S6 also yielded similar ages from two different biotite separates (6.08 ± 0.48 and 6.43 ± 0.29 Ma; Figure 6 and Table 1 ). These ages are one million years older than the ages obtained for S5. Sample S7 gave similar ages but the first age revealed a higher MSWD value and a low fraction of 39 Ar released ( Figure 6 and Table 1 ). Therefore, we accepted 6.94 ± 0.35 Ma as the age of the sample. Similar to sample S7, sample S8 yielded ages around 6.9 Ma (6.98 ± 0.31 and 6.88 ± 0.22). The results of sample S9 show a plateau profile ranging between 7.92 ± 0.55 and 6.87 ± 0.38 Ma. After excluding outliers, we calculated 6.81 ± 0.30 Ma as a weighted average age for the lamproite dykes ( Figure 6 ). We dated one sample using both 40 Ar/
Results
39
Ar and U-Pb LA-ICP-MS methods from a tuff layer in the İbecik Formation in the southwestern part of the study area (S3; Figures 2, 3, 4d, and 4e). This sample location consists entirely of laminated shales, marls, and limestone beds. The dated sample is a thin tuff lamina, consisting of mica, feldspar, quartz, and minor zircon (2-3 mm thick) intercalated with the lacustrine limestone. In the outcrop, the base contact of the tuff level is a sharp boundary (Figures 4d and 4e ). This thin level is an entirely atmospheric fall-out deposit and the rest of the sequence consists of fine-grained lacustrine sediments. Figure 8a shows cathodoluminescence images of the zircon crystals extracted from sample S3. The zircons are perfectly idiomorphic and exhibit slight to wellexpressed oscillatory zoning, typical for crystallization in magmatic conditions. The zircon grains in the sample are predominantly medium to short prismatic and some of them reveal a complex internal structure with recrystallized cores and inclusions of apatites. Thirty-one spots were analyzed and most of them yielded concordant ages (between 90% and 107%; Table 2 ). Some of the zircon zones yielded discordant ages, probably due to lead loss. The concordia age obtained from the zircons is 6.93 ± 0.041 Ma (Figure 8b ) as crystallization age. Both zircon U-Pb and biotite 40 Ar r ages are identical in error ranges and correspond to a Messinian interval.
Discussion and conclusions
The late Miocene-Pliocene terrestrial sediments occupy wide areas on the geological maps of southwestern Anatolia (see Şenel, 1997, 2002) . The timing of tectonism in this region has been determined based on limited terrestrial fossil ages (e.g., Erten, 2002; Saraç, 2003; Alçiçek et al., 2005; van den Hoek Ostende et al., 2015b) . In general, the upper Pliocene carbonate sequences have not been recorded in Neogene geological history in the Mediterranean literature, except for Anatolia (e.g., Popov et al., 2006; Snel et al., 2006; Rossi et al., 2015; Guerra-Merchán, 2014; Cornée et al., 2016; Frigui et al., 2016) . On the contrary, pre-Messinian and especially Tortonian carbonate environments are widespread in all Mediterranean regions (e.g., Buchbinder, 1979; Jacobs et al., 1996; Brachet et al., 1998; Krijgsman et al., 2002; Tsaparas and Marcopodouluo-Dicantoni, 2005; Hüsing et al., 2009; Braga, 2016; Brandano et al., 2016; Moisette et al., 2018) . The pre-Miocene sequences and the records of the Messinian salinity crisis (Hsü et al., 1973) , holding an important place in the Tertiary geology of the Mediterranean, are almost absent in southwestern Anatolia (e.g., Şenel, 1997, 2002) . This situation was first noted in the northern Aegean and Marmara seas (Sakınç et al., 1999; Sakınç and Yaltırak, 2005; Snel et al., 2006) , where Pliocene carbonate sequences do not exist and terrestrial conglomerates and alluvial fan sediments unconformably rest on the Miocene sequences. Based on the presence of Mediterranean fauna and the ages of crosscutting basalts, Sakınç and Yaltırak (2005) suggested that the lower part of the limestones in the Alçıtepe Formation (northwestern Anatolia) were deposited during the Tortonian. These authors also suggested that the upper parts of the Alçıtepe Formation, including the brackish species, were deposited during the Messinian and that they can be considered as evidence for the inflow from the Paratethys to the Northern Aegean region during the Messinian.
The new radiometric ages provided in this study allowed a more reliable comparison between the northern Aegean (Şentürk and Karaköse, 1987; Yaltırak, 2002) in the Gelibolu Peninsula, the Samanlıdağ Formation in the Armutlu Peninsula , and the Karacabey Formation in the Manyas Plain . Accordingly, this sequence is time-equivalent to the Neogene sequence along the middle section of the Burdur-Fethiye Shear Zone. This left-lateral transtensional shear system created various basins. Today, these basins include the remnants of larger carbonate lakes. In previous studies, these lacustrine deposits were assigned to the Pliocene, except for the Acıpayam Basin (e.g., Şenel, 2002; Alçiçek et al., 2004 Alçiçek et al., , 2005 Alçiçek et al., , 2006 Alçiçek et al., , 2008 Kazancı et al., 2012) . Paton (1992) dated the basaltic dykes cutting limestones as upper Miocene in the north of Acıpayam Basin. This interpretation led to the separation of the same unit into two different formations (e.g., Şenel, 2002) . The different age assignments for the same rocks at two different sides of the same basin created great confusion in the literature and led to misinterpretation of the geological history of the region. Paton (1992) studied the Denizli lamproites and dated them using the 40 Ar/ 39 Ar whole-rock method with radiometric ages of 4.59 ± 0.57, 5.66 ± 0.63, 5.89 ± 0.41, 6.52 ± 0.33, 6.28 ± 0.48, and 6 ± 1.54 Ma (i.e. Tortonianearly Pliocene). At the same time, some researchers reported mammal fossils located in the south of the Acıpayam Basin and gave an age interval between 10.8 and 1.8 Ma (e.g., Saraç, 2003; Alçiçek et al., 2005; van den Hoek Ostende et al., 2015b) . and Elitez and Yaltırak (2018) claimed that the geographic locations of these samples and positions of the fossils are not reliable. Therefore, stratigraphic relationships remain ambiguous. Across the northern part of the Acıpayam Basin at elevations of ~1500-1600 m, the volcanic rocks cut and/ or overlie lacustrine sediments of the İbecik Formation (Figure 3) . In this study, we dated biotites from seven samples of these volcanics using the 40 Ar-39 Ar method. However, some of the samples yielded bad results, most probably due to alteration of the samples. Furthermore, we could constrain the age range of the volcanics. The Ar age range plots of the individual samples except tuff sample. A) Mean age calculation of the ages (Ludwig, 2003) . B) Relative probability distribution of the ages. Ar data yielded ages of 5.06 ± 1.44, 6.08 ± 0.48, 6.43 ± 0.29, 6.98 ± 0.31, 6.88 ± 0.22, and 6.87 ± 0.38 Ma (6.81 ± 0.30 Ma weighted average; Figures 6 and 7) . In addition, we obtained two important age data: 1) biotites from a lamproite dyke cutting the conglomerates of the Gölhisar Formation (Figure 4c) Ar age of 6.94 ± 0.35 Ma, and 2) the zircon age from a tuff level intercalated with the lacustrine deposits of the İbecik Formation (Figures 4d and 4e ) yielded a precise U-Pb age of 6.93 ± 0.041 Ma (Figure 7 ; Tables 1 and 2 ). The same sample also gave a 5.83 ± 0.87 Ma biotite 40 Ar age (Sample S3b; Figure 7 and Table 1 ). The İbecik Formation grades laterally and vertically into the Gölhisar Formation at its base. This uppermost part of the river deposits of the Gölhisar Formation indicates a lower Messinian age (Figure 9 ). The red winecolored beds at the top of the İbecik Formation indicate a period of aridity, probably related to the Messinian salinity crisis, and imply intense evaporation during the Messinian Ar and U-Pb dates unequivocally demonstrate that the lacustrine sediments located both along the northern and southern sectors of the study area are upper Miocene-lower Pliocene in age (Table 1) and that the widespread exposures of the lacustrine sediments indicate the presence of an extensive late Miocene warm lake. This lake intensively evaporated during the Messinian salinity crisis. After the Messinian, the lake began to break up into smaller lakes associated with the evolution of the BurdurFethiye Shear Zone. The Acıpayam, Çameli, and Gölhisar basins were the parts of this large pre-Messinian lake.
In conclusion, the Pliocene age indicated for the lacustrine sediments in previous studies should be revised in the light of these new radiometric ages. These new ages strongly suggest that the 1.2-km-thick river facies of the Gölhisar Formation located under the lacustrine sediments of the İbecik Formation were deposited during the middle-upper Miocene. The volcanic and volcanosedimentary sequences grade laterally into the river sediments around Şuhut in the northern part of the Burdur-Fethiye Shear Zone (Figure 1) . The river sediments in that region are equivalent to the sediments of the Gölhisar Formation and the ages of the volcanic and volcanosedimentary sequences are between 15 and 8 Ma (Akal et al., 2013; Prelević et al., 2015) . The decreasing radiometric ages of the volcanic rocks from north to south indicate that the Burdur-Fethiye Shear Zone is a deep tear zone between the western Anatolian extensional and the western Taurides compressional regimes since 15 Ma . This study clearly documented that the lamproites in the north and the tuffs in the southernmost part of the Gölhisar-Çameli-Acıpayam basin are of the same age as the limestones in the north. Thus, the northern limestones bearing lamproite intrusions and the southern limestones including tuff layers are the same age (Figure 2 and 3) . These ages indicate that the lacustrine basins on the Burdur-Fethiye Shear Zone and the timing of sedimentation are older.
The new data presented here show that the BurdurFethiye Shear Zone initiated during the middle Miocene in an area where there were carbonate lakes of late Tortonian-early Pliocene age. New radiometric ages are in stark contrast with the late Pliocene-early Pleistocene age for these deposits claimed by previous studies and geological maps. Finally, our results allow correlations to be established between the lacustrine sediments in the middle part of the Burdur-Fethiye Shear Zone with sedimentary sequences of the other basins in southwestern Turkey (e.g., lacustrine sediments at ~200 m in the northern part of the Eşen Basin and at ~1200 m around Acıgöl and Burdur basins). 
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